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Coupling radio transmitters to antenna elements 



c Jpl^^^ S ° ^ ° 3 PlUraHtV ° f transmi «ers 55,57 has its output 56 or 58 

of^meMwn! K or 2 * * * i***" 9 ete ™" ts » M * ™* antenna elements 53,54 may be parts 
radiation^ b * respe< f ,ve antennas <106,108,Fig7> covering separate areas. A desired 

61 and th ^SZ^ S^^ m «ans of transmission lines and/or phase shifters 63,64 between the coupler 
during oi»t%^ Sh *T? By b ? ad,UStCd by remote contro1 to a,ter th * radia ^n paSem 

each f ZTS^^SI^ hYbn K C ,°, UPlerS (70 - 73 ' Fi 9-6) and four phase shifters (81-84) enables 

^nmn^^S^ ^ ^ C °," P t0 C3Ch °k f ° U L antGnna e,ements < 91 +*t. The number of radiating 
The coupl^q aSnSi^ eqU ^ to ' or Skater than the number of transmitters, and may be a power of Lo. 
maV^sT^ a «*> base station. At least one of radiating elements 
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APPARATUS FOR TR A M SMTTTTNf? RADTO RTfilSIAT.Q 



Field of t.hfi Tnypntinr. 

This invention relates in general to an apparatus for transmitting 
radio signals at an antenna, and more particularly to an apparatus for 
combining transmitters to feed a common antenna. 

Background to th* T ^yention 

Present communications systems, such as cellular radio systems 
divide an area over which communications service is to be offered into a 
number of smaller areas, called cells, each of which is served from a single 
base site. Often, the area to be served from a single base station site is 
divided into smaller areas, called sectors. The system determines which 
base station site, and which sector, is to be used for communication with a 
particular mobile station by making measurements on the signal received 
from the mobile (including its signal strength) at a number of fixed locations. 

Each area to be served has a separate antenna at the base station site 
for transmitting to the mobile station. A signal is also received from the 
mobile station at the base station site using either a single antenna or more 
than one antenna (the latter being called diversity reception). Depending on 
circumstances, some or all of the antennas at the base station site may be 
used for both transmission and reception. 

The properties of the antennas used at the base station site are 
chosen to optimise coverage of the desired area, and to minimise interfering 
signals transmitted to, and received from, other areas. 

The number of radio channels needed to serve each area will depend 
on the number of mobile stations contained within it. if more than one radio 
channel is required, the outputs from each transmitter must be combined 
before being fed to the transmitter antenna. 

The combining of the outputs of transmitters at cellular base sites is 
commonly achieved using one of two techniques: 
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1 A resonant combiner. This uses one filter per transmitter which is 
connected to a common manifold 1 which feeds the antenna. This 
technique is expensive and requires that the frequencies of the 
transmitters are separated by more that the pass band widths of the 
5 filters. 

Hybrid combiners. These are less expensive, and do not impose any 
constraints on the frequency separation of the transmitters. A hybrid 
combiner comprises a number of hybrid couplers and terminating 
loads. A hybrid coupler is a reciprocal four port device in which the 
power applied to one port is divided equally between two of the 
remaining ports according to a defined relationship. For use in a 
hybrid combiner they are connected such that half of the power from 
each port connected to a transmitter leaves the output port; the ottier 
half of the power is dissipated in a terminating load connected to the 
fourth port. Hybrid combiners therefore have a theoretical minimuxn 
attenuation of 3 dB. If the outputs from more than two transmitters 
must be combined, then hybrid combiners can be cascaded; in this 
case there is at lease 3dB loss in each stage. 

If the loss of the combining is reduced, then a transmitter with lower 
output power can be used while still achieving the same performance 
from a radio communication system. This is a worthwhile 
improvement because transmitters with a high output power are 
expensive to implement. 

The technique of phased array antennas is well know to those skilled 
in the art. The antenna consists of a number of radiating elements. Each 
element is connected to a common port by a circuit which divides the power 
30 from the transmitter to individual elements in the antenna in pre- 
determined proportions, and with pre-determined relative phases of the 
voltage (as measured at the input the radiating elements). If the power 
division ratio or the relative phase to the individual elements is changed, the 
characteristics of the aerial will be changed (in particular, the polar 
35 distribution of radiated power from the antenna, also known as the radiation 
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pattern). By this means the radiation pattern of the antenna may be 
steered. 

FIG. 1 illustrates how the outputs from a number of radio 
transmitters 2, 4 may be combined to feed a common antenna 10 using a 
hybrid coupler 6 and a terminating load 8. 

FIG. 2 illustrates an extension of the technique of FIG. 1 where the 
outputs of four transmitters 2, 4, 22, 24 are combined using hybrid couplers 
6, 26, 27 to feed a common antenna 10. 

FIGs. 3 and 4 illustrate two alternative techniques to apply a relative 
phase shift between the radiating elements for an antenna. In FIG. 3 a 
Phase shifting device 36 has been inserted in the transmission line between 
the power divider 34 and one of the radiating elements 38. Thus, an output 
of one transmitter 32 may be transmitted by an antenna array having two 
radiating elements 38, 39. In some circumstances it is preferable to insert a 
phase shifting device in the transmission lines between the power divider 
and both of the radiating elements, as shown in FIG. 4. Thus, FIG. 4 shows 
the output of one transmitter 32 transmitted by an antenna arrangement 
having two radiating elements 38, 39 each coupled to an output of a phase 
shifting device 36, 37. Such techniques may also be applied to antennas 
containing a larger number of radiating elements. 

However, an improved method of combining the signals from the 
transmitters to feed a common antenna is required. Particularly, a method 
m which less of the transmitter power is lost in the combining circuitry and 
which allows the characteristics of the transmitting antenna to be varied so 
25 a s to optimise operation for particular mobile stations. 

Summary of th* ftivoWtiAin 

According to the present invention, an apparatus is provided for the 
transmission of radio signals including an antenna having a plurality of 
30 radiating elements, a plurality of transmitters each having a respective 

output; and means for combining each respective output from the 
transmitters to the radiating element of the antenna in predetermined 
portions^ 
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FIG. l shows a technique for combining two transmitters into one 
antenna using a hybrid coupler. 

PIG. 2 shows a technique to combine four transmitters into one 
antenna Using hybrid couplers, 
5 FIG. 3 shows a phased array antenna for an array of two elements. 

FIG. 4 shows an alternative phased array antenna for an array of two 
elements. 

FIG. 5 shows an antenna arrangement according to the present 
invention. 

10 FIG 6 shows an alternative antenna arrangement according to the 

present invention. 

FIG. 7 shows an alternative antenna arrangement according to the 
present invention as applied to two antennas intended to cover separate 
coverage areas. 

15 

DAtoilftd Description of the Preferred Embodiment 

Referring to FIG. 5, there is shown an apparatus 50 for the 
transmission of radio signals including an antenna 52 having a plurality of 
radiating elements 53, 54, a plurality of transmitters 55, 57 each having a 
20 respective output 56, 58, and means for combining each respective output 
from the transmitters to the radiating element of the antenna in 
predetermined portions 60. The means for combining includes a hybrid 
coupler 61 and two phase shifters 63, 64. 

An input of each radiating element 53, 54 of the antenna 52 may be 
25 connected to a control means for controlling a relative phase of the voltage at 
the input to the radiating element so that a predetermined polar distribution 
of power is radiated from the antenna. The control means for controlling the 
relative phase of the voltage may include a length of a transmission line. 
The control means for controlling the relative phase of the voltage may 
30 alternatively include a phase shifting means 63, 64. 

The characteristics of the phase shifting means may be changed 
during operation of the apparatus so as to change the polar distribution of 
radiated power from the radiating elements of the antenna. 

A further embodiment of the present invention includes that the 
35 number of radiating elements of the antenna equal to the number of 
transmitters. 
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FIG. 6 shows the present invention as it applies to four transmitters 
and four radiating elements of an antenna. Thus, four transmitting 
elements 62-65 are coupled to four hybrid couplers 70-73 and four phase 
shifters 81-84 for feeding four radiating elements 91-94. 

The present invention is applicable in a cellular radio system where it 
is often required to combine the output of several transmitters to feed a 
single antenna. Each of these transmitters is connected to a combining 
circuit. This circuit divides the power from each transmitter equally 
between a number of output ports. 

The antenna comprises a number of radiating elements, each of which 
has a separated connection via a transmission line to the combining circuit 
These radiating elements are normally similar and arranged in a regular 
pattern. The relative phase of the RF voltage at the input to each radiating 
element is controlled to a pre-determined relationship, in order to achieve 
the required radiation pattern. This can be achieved in three ways: 

1 The lengths of the transmission lines between the combining" 
circuit and each of the radiating elements is chosen to gi ve the pre. 
determined relationship. 

2 A phase shifting device can be inserted into the transmission 
line between the combining circuit and each radiating element. 

3 A combination of the two above. 

In the second and third options above, it is possible to use phase 
shifting devices which can be adjusted by remote control. In this case it is 
possible to alter the radiation pattern of the antenna during operation. 

In a preferred embodiment, the optimum number of radiating 
elements in the antenna is a power of two, and is equal to, or greater than, 
the number of transmitters. In this case, in theory, no power need be 
dissipated in the combining circuit. FIGs. 5 and 6 show examples for two 
and four transmitters respectively. However, the same technique can be 
applied to other numbers of radiating elements, and to a larger number of 
transmitters than radiating elements. 

The radiating elements of the antenna may also be used as separate 
antennas for diversity reception. Thus, at least one of the radiating 
elements may also be used as a receiving antenna which is connected to an 
input of a diversity receiver. 
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It is possible to use a similar technique to combine the outputs from a 
number of transmitters to feed a number of antennas covering separate 
areas. FIG* 7 shows an example of two transmitters 101,102 feeding two 
separate axitennas 106, 108 by using a hybrid coupler 105. If the coverage 
5 areas of the transmitters do not overlap, it is not necessary to control the 
relative phase of the voltage at the input to each antenna. 

Thixs. an apparatus for the transmission of radio signals may be 
provided including a plurality of antennas 106, 108, a plurality of 
transmitters 101, 102, each having a respective output, and means for 
10 combining each respective output from the transmitters to a respective input 
of each of the antennas 105. 

The present invention overcomes a problem inherent in combining 
the outpixts from more than one transmitter into a single antenna. The 
present invention uses hybrid combiners to allow more than one transmitter 
15 to share a. single transmit antenna. Steerable antennas, including an array 
of radiating elements in which the proportion and phase of the power 
supplied to the radiating elements is defined so as to determine its radiation 
pattern are also used. By adjusting the proportion and/or phase, the 
radiation pattern may be changed. The antenna includes at least one power 
20 divider and phase shifter. 

The present invention is an electrical network, also referred to as 
combining circuit, that provides an improved antenna arrangement. By 
combining the function of a hybrid combiner and a power splitter into one, 
the proportion of the transmitter power which is dissipated can be reduced. 
25 If the number of radiating elements in the antenna equals or exceeds the 
number of transmitters, then in theory none of the transmitter power need 
be dissipated in the combining circuit. The present invention also allows the 
radiation pattern to be changed to optimise transmission to a mobile station 
or stations. Depending on the application, either or both of these benefits 
30 may improve the performance of a mobile radio communications system- 
It is also possible for outputs from the combining circuit to be 
connected to more than one antenna, each of which covers a distinct 
coverage area. An example of such an application is for serving roads, where 
two antennas. would point in opposite directions along the road. 



Claims 



1. An apparatus for the transmission of radio signals comprising: 

an antenna having a plurality of radiating elements; 
a plurality of transmitters each having a respective output; and 
means for combining each respective output from the transmitters to 
the radiating element of the antenna in predetermined portions. 

2. The apparatus of claim 1 wherein the input of each radiating element of 
the antenna is connected to a control means for controlling a relative phase 
of the voltage at the input to the radiating element so that a predetermined 
polar distribution of power is radiated from the antenna. 

3. The apparatus of claim 2 wherein the control means for controlling the 
relative phase of the voltage includes a length of a transmission line. 

4. The apparatus of claim 2 wherein the control means for controlling the 
relative phase of the voltage includes a phase shifting means. 

5. The apparatus of claim 4 wherein characteristics of the phase shifting 
means may be changed during operation of the apparatus so as to change 
the polar distribution of radiated power from the radiating elements of the 
antenna. 

6. The apparatus of any of the preceding claims wherein the number of 
radiating elements of the antenna is equal to the number of transmitters. 

7. The apparatus of any of the preceding claims wherein at least one of the 
radiating elements is also used as a receiving antenna which is connected to 
an input of a diversity receiver. 

8. An apparatus for the transmission of radio signals comprising: 

a plurality of antennas; 

a plurality of transmitters each having a respective output; and 
means for combining each respective output from the transmitters to 
a respective input of each of the antennas. 
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9. An apparatus for transmitting radio signals substantially as herein 
described with reference to FIGS. 5-7 of the drawing. 
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